Abstract: Flavonoids are bioactive constituents in Oroxylum indicum seeds, an Asian traditional remedy used for the treatment of respiratory infections. In this study the first capillary electrophoretic method for their determination is presented. By using a 25 mM borax buffer at pH 9.2 containing 10 mM SDS as detergent, the determination of seven flavonoids was feasible in only 13 min. Method validation confirmed that the assay is in accordance with ICH requirements in respect to linearity, selectivity, sensitivity, accuracy and precision. Quantitative results revealed that baicalein-7-O-gentiobioside is the most abundant flavonoid in the drug (1.19 to 5.33%), followed by other baicalein derivatives (7-O-glucoside, 7-O-glucuronide). These observations were in good qualitative and quantitative agreement with LC-MS results.
Introduction
Oroxylum indicum (L.) Vent. (Bignoniaceae) is an up to 12 m high tree, native to the Indian subcontinent (Assam to southern China). In Ayurvedic and traditional Chinese medicine the bark and seeds of the plant are used, and the latter can easily be recognized as the rather small, kidney shaped seeds are surrounded by a light brown, papery wing up to 5 cm in diameter [1, 2] . Termed as mù hú dié a monograph on O. indicum seeds can be found in the current version of the Chinese Pharmacopeia [3] . Major indications described are the treatment of respiratory infections such as cough, sore throat and hoarseness. Pharmacological studies confirmed anti-inflammatory and anti-oxidative activities of the respective extracts and especially emphasized on the role of flavonoids as bioactive constituents [4] [5] [6] . Accordingly, these compounds (mainly baicalein and chrysin glycosides) are considered as indicators for drug quality and efficacy.
We recently have published the first LC-MS procedure for the qualitative and quantitative determination of all major flavonoids in O. indicum seeds [7] . It showed that their total content is quite variable (2.4 to 13.1%), with baicalein-7-O-gentiobioside being the most dominant compound. The described procedure permits the separation of seven relevant compounds in 20 min and it was fully validated. Six of them were identified by NMR experiments after isolation, the seventh was only tentatively assigned by LC-MS. Yet, due to the high separation efficiency of capillary electrophoresis (CE) and previous experiences with the CE-analysis of flavonoids [8, 9] , the question remained, whether this technique is suited (if not superior) for the analysis of flavonoids in O. indicum seeds too.
Experimental Section

Chemicals, References and Plant Material
All chemicals (sodium dodecylsulfate (SDS), sodium tetraborate (borax), sodium hydroxide) and solvents (acetonitrile, acetone, dichloromethane, methanol, and water) were of analytical grade and came from Merck (Darmstadt, Germany). Reference standards of baicalein (5) and chrysin (6) were purchased from Sigma (St. Louis, MO, USA), all other compounds (baicalein-7-O-gentiobioside (2), baicalein-7-O-glucoside (3), chrysin-7-O-glucuronide (4) and baicalein-7-O-glucuronide (7)), except (1), were isolated as described before [7] ; see Figure 1 for structures. Compound (1) was obtained by semi-preparative HPLC from the methanolic plant extract of sample OI-1 and based on NMR experiments identified as chrysin-7-O-gentiobioside [10] . 
Method Validation
Linearity of the detector signal was deduced from correlation coefficients. For their determination solutions of standard substances were serially diluted with methanol over a concentration range of approx. two orders of magnitude and analyzed by CE. By further diluting these solutions the assays sensitivity was investigated. Limit of quantification (LOQ) and limit of detection (LOD) are defined as a signal to noise ratio of 10 and 3; respective concentrations were visually evaluated. For the determination of precision multiple portions of the same sample (OI-1) were extracted and analyzed in exactly the same way five times on each of three consecutive days. Variance within the days (intra-day) and over three days (inter-day) was then determined. Accuracy was investigated by spiking one sample (OI-1) with three concentrations of accurately weighted standard compounds. After extraction and analysis recovery rates were calculated, reflecting the agreement of theoretical versus practically found amounts. For these experiments only (5) and (6) were used, since only very small amounts of all other standards were available. Finally, by analyzing the standard deviation of peak areas after multiple injections of the same sample, repeatability of the method could be confirmed.
Sample Preparation
Sample solutions were prepared as those for LC analysis [7] . At first, the dried plant material (3.00 g) was finely powdered and then repeatedly extracted with methanol in a sonicator (4 times with 5 mL each for 10 min). After centrifugation the liquid extracts were combined, the solvent removed under reduced pressure and the obtained residue re-dissolved in methanol (concentration 1.00 mg per mL). Prior to analysis all solutions were membrane filtered (0.2 µm, Minisart SRP 15, Sartorius, Göttingen, Germany).
CE-Method
Experiments were performed on a 3D-CE system from Agilent (Waldbronn, Germany), and the capillary (fused silica, 50 µm i.d. × 62 cm effective length) was purchased from Polymicro Technologies (Phoenix, AZ, USA). The optimum buffer consisted of 25 mM sodium tetraborate and 10 mM SDS in water (pH of solution 9.2). Diode-array-detection (DAD) wavelength, voltage and capillary temperature were set to 254 nm, +25 kV and 15 °C. Injection was performed in hydrodynamic mode at 50 mbar for 5 s; the required separation time was 13 min. After analysis the capillary was flushed (3 min with 0.1 N NaOH, 2 min with 0.01 N NaOH and 2 min with water) and re-equilibrated for 3 min with the running electrolyte. All required solutions were membrane filtered and replaced with new ones after four runs.
Results and Discussion
One of the limitations of CE is the fact that under -normal‖ conditions only charged analytes can be separated; neutral compounds will migrate unresolved with the electroosmotic flow (EOF). An elegant solution to this dilemma was first reported by Terabe et al., who proposed the use of charged detergents as buffer additives [11] . The micelles formed serve as pseudostationary phase, enabling the separation of charged and uncharged analytes because of hydrophobic interaction with the micelles (micellar electrokinetic chromatography, MEKC). As all of the flavonoids in O. indicum seeds are uncharged at pH-ranges typical for CE this technique was utilized in the current study. Reference standards were available from a previous study (compounds (2) to (7)) or isolated by semi-preparative HPLC (1).
Method Development
The optimum conditions were evaluated using a standard mixture of all references in methanol (0.1 mg/mL each). For the CE-separation of flavonoids borax buffers are commonly used [8, 9] , and for this application they showed to be most suitable too. Respective buffer solutions were prepared within a pH-range of 7.5 and 10, and at pH 9.2 (unaltered pH of a borax solution) the overall best peak resolutions (Rs) were observed, i.e., all Rs values of adjacent peaks were higher than 2.2 (Rs calculated as defined in the European Pharmacopeia). With increasing buffer molarity (10 to 50 mM), the resolution increased for most peak-pairs but the signals became broader, so that 25 mM borax was a reasonable compromise (Figure 2(a) ). Temperatures from 15 °C to 30 °C were tested and showed similar effects as buffer molarity, since resolution and migration time increased at higher temperatures but peak symmetry decreased simultaneously. Therefore, 15 °C was chosen for further work. The addition of SDS to the electrolyte showed an enhancement in separation (i.e., increased Rs values) and peak shape; the optimum was 10 mM SDS as at higher values compounds (3) and (4) could not be resolved anymore. For the best separation a voltage of +25 kV was applied, since lower values resulted in prolonged migration times. The addition of different organic solvents (acetone, acetonitrile (ACN), dichloromethane (DCM) and methanol (MeOH) were tested) to the buffer did not show any significant benefits. In comparison to a -solvent-free‖ buffer the addition of 10% methanol slightly enhanced the resolution of three peak-pairs (2-3, 4-5, and 6-7), but at the same time those of others decreased (Figure 2(b) ). The same trend was observed with 10% acetone in the buffer. Increasing the content of organic solvent up to 30% was not advantageous either.
Method Validation
After the CE-procedure was optimized it was validated based on the determination of parameters like linearity, sensitivity, selectivity, precision and accuracy (Tables 1 and 2 ). Validation was done following ICH guidelines and the applied procedures were as described in experimental section.
All validation parameters were well within acceptable limits and mostly comparable to those of the LC-procedure. Linearity of the detector signal was confirmed with excellent correlation coefficients (R 2 ≥ 0.999). Intermediate precision was shown to be between 0.4% and 3.3% (intra-day), and from 0.5% to 6.9% for inter-day investigations. The recovery rates for the spiked sample ranged from 97.5 to 100.9% and indicated that the applied procedure is accurate concerning extraction and analysis. Selectivity of the assay was assured by utilizing the peak purity option of the instrument software (chemstation). Based on available DAD-data it confirmed that the quantified signals are free of co-eluting compounds. One parameter that showed a significant deviation compared to the LC method is sensitivity. For the CE assay LOD and LOQ-values are 5 to 10-times higher (e.g., LOD for (5): 2.84 µg/mL by CE versus 0.45 µg/mL by HPLC). Since there was always the same detection wavelength set (254 nm), this divergence can only be explained by the minute sample volume injected in CE (a few nanoliters) and the short optical path available for detection (on-column through a 50 µm capillary). 
Sample Analysis
The CE-separation of a methanolic plant extract (sample OI-4) is exemplarily shown in Figure 3 . In 13 min all seven standards were baseline separated and could be quantified easily. The total flavonoid content of the different sample batches (Figure 4 ) varied widely from 2.75% (OI-3) to 12.39% (OI-2). The obtained quantitative results were repeatable (σ rel for multiple injection of the same solution ≤3.54%) and in good agreement to those of LC. For example, for sample OI-1 the total flavonoid content was 9.28% (CE) compared to 9.09% by HPLC. Compound (2) was the most dominant one (4.34% (CE); 4.08% (HPLC)), followed by (3) (1.89%; 1.82%) and (1) (1.25%; 1.08%). A similar qualitative pattern was found in all analyzed samples, with (2) being the major flavonoid; yet, in samples OI-3 and OI-4 compound (4) was the second most common one. These results match well with the HPLC data published earlier [7] . In terms of quantitative results both analytical procedures are therefore equally suitable for the determination of flavonoids in O. indicum seeds. 
Conclusions
As demonstrated in this study, CE is definitely an interesting alternative for natural products analysis, particularly for flavonoids. Despite of a complex matrix (plant extract) a rather simple setup (borax buffer with SDS) facilitated the fast, accurate and reproducible determination of seven relevant compounds in Oroxylum indicum seeds. Compared to HPLC the CE-procedure is, not surprisingly, disadvantageous in terms of sensitivity, but in other relevant aspects like speed of analysis (approx.
